

NASA TM X-1233 


COMPUTED TIMES OF SUNRISE AND SUNSET IN THE IONOSPHERE 

By Lawrence Colin and Marilyn A. Myers 

Ames Research Center 
Moffett Field, Calif. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 — Price $1.95 



TABLE OF CONTENTS 


t 


Page 

SUMMARY ± 

INTRODUCTION 1 

DETERMINATION OF SUNRISE AND SUNSET TIMES 2 

TABLE OF SUNRISE AND SUNSET TIMES 3 

GRAPHS OF SUNRISE AND SUNSET TIMES k 

EXTENSION OF THE DATA 4 

APPENDIX - PROGRAM FOR COMPUTING SUNRISE-SUNSET TIMES 6 

TABLES 8 

FIGURES 



; / 

/ ; 

COMPUTED TIMES OF SUNRISE AND SUNSET IN THE IONOSP HER E 


By Lawrence Colin and Marilyn A. Myers 
Ames Research Center 


SUMMARY 


P 3^ 


Tables and graphs of sunrise and sunset times at the earth's surface and 
several altitudes (100, 200, 300, 4-00, 1000 km) in the ionosphere are pre- 
sented. The tabulated data list these times for the first and fifteenth of 
each month for the period October 1, 1962 , through July 15, 1964. The computa- 
tions were performed in 2° latitude increments over the range ±88° . Both 
Cartesian and polar coordinate graphs of sunrise and sunset times versus 
latitude are presented. Altitudes of 0, 100, and 300 km are shown on the Car- 
tesian coordinate plots for each of the above dates. The north and south polar 
projection representations illustrate sunset and sunrise "lines" for all the 
computed altitudes but only for the first of each month. 

All necessary equations for the computations are derived in the text and 
a Fortran IV source program provided in an appendix. It is shown how the 
reader may extend the computations to other dates and/or altitudes. 


INTRODUCTION 


To that phase of ionosphere physics research which deals with daytime- 
nighttime transitions, the importance of considering sunrise and sunset effects 
at nonzero ionospheric altitudes has been well known for some time (ref. l) . 
Recent high-frequency oblique propagation studies via the bottoms ide ionosphere 
have again emphasized this importance (ref. 2) . Although the computation of 
sunrise and sunset times for a certain date, latitude, and altitude is quite 
straightforward, it is difficult to visualize, a priori, the variations of 
these times in view of the broad variation of these latter parameters. Unfor- 
tunately, the published literature referring to these effects illustrate only 
isolated, limited situations peculiar to the particular research reported. 

With the advent of the polar-orbiting topside sounder Alouette I in 1962, 
enormous quantities of thermal electron concentration data have become avail- 
able enabling detailed pole-to-pole morphology studies of the topside iono- 
sphere, from the F-region peak to the orbiter altitude. Furthermore, the 
extended series of ISIS sounders will allow a complete solar-cycle survey of 
this morphology. Thus, sunset-sunrise time data may well have more signifi- 
cant applications to these extensive topside studies than to the isolated 
bottomside studies. 

It is the purpose of this memorandum simply to pre sent IuOjTG detail ,c cl dat a 
than heretofore published on sunrise and sunset times versus altitude and lati- 
tude during the IQSY period. Although the results presented clearly illustrate 
most, if not all, of the general features of this natural phenomenon, they 


by no means exhaust all particular situations. For the reader vho requires 
more, a simple Fortran IV source program, suitable for the IBM 709^> for calcu- 
lating sunrise and sunset times, is presented in an appendix. 


DETERMINATION OF SUNRISE AND SUNSET TIMES 


The geometry for the rising or setting of visible solar radiation, from 
the sun’s upper limb, at a point P situated on a sphere of radius (a + H) con- 
centric with a spherical earth of radius (a) is shown in figure l(a). Although 
for normal astronomical observations this picture would suffice (with proper 
allowance for atmospheric refraction) , it must be modified for ionospheric 
studies. Here we are interested in the solar wavelengths that effect ion pro- 
duct ion, and are heavily absorbed in the lower atmosphere. Hence, figure 1(b) 
is more appropriate. This geometry allows for a "screening” height, S, which 
permits the radiation to pass over the major absorbing regions. An exact 
choice of a numerical value for S is difficult to justify. In all our 
results to be presented we have assumed S = 30 km (when H > 0) in consonance 
with others (refs. 1 and 2), although the computer program (appendix) allows 
all S < H. Furthermore, because of this arbitrariness, we have considered it 
reasonable to neglect the effect of refraction in the computations. 

It is easily shown from figure 1(b) that 

cos x - - J 1 - (Ith) (1) 

where X = solar zenith angle at sunrise and sunset (X > 90° a -*--L H) . It should 
be noted that since the earth- sun distance is much greater than any ionospheric 
height of concern here, the earth-centered angle QOP' , where Q is the sub- 
solar point and P' the point of projection of P onto the earth's surface, 
is also approximately equal to X; that is, the two horizontal lines in fig- 
ure 1(b) are approximately parallel. With this approximation, the geometry of 
sunrise and sunset on a certain date may be depicted as in figure 2. Here N 
is the north pole; 6, the solar declination on that date (assumed to be the 
value at Greenwich noon on that date); L, the latitude of the observer (P); and 
T.HA , the local hour angle of the sun at sunrise or sunset (defined as the angu- 
lar distance from the meridian of P' to the meridian of Q) . When the law 
of cosines is applied to the spherical triangle NQP' : 

cos x = cos(90 - B)cos(90 - L) + sin(90 - B)sin(90 - L)cos LHA (2) 

or 

cos X = sin 6 sin L + cos 5 cos L cos LHA (3) 

Finally, it is clear that 

sunrise time (hr) = 12^ r - E^ r - (4) 
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( 5 ) 


sunset time (hr) = 12^ r - E^ r + de g) 

15 


where the correction factor: 

E* 11 " = equation of time in hours (defined as the difference in 

time between the apparent (true) and mean sun = app - mean) 

Equations (4) and (5) illustrate the fact that sunrise and sunset times 
are not symmetrical about local noon but are sy mm etrical about (l2 hr - E hr ) . 

The slight asymmetry introduced by a nonconstant S throughout the day is 
negligible. ~ “ 

We now have all the necessary equations. Given an ionospheric height, 

H, and an assumed screening height, S, the zenith angle at sunrise and sunset 
is computed from equation (l) . With this zenith angle y, and a chosen observ- 
ing latitude L, we can calculate the local hour angle of sunrise and sunset, 
LHA, from equation (3) for any date (the latter defining both the solar decli- 
nation and equation of time E) . Local sunrise and sunset times for that date, 
L, H, and S, are then finally calculated from equations (4) and (5). 

A few words on conventions are in order. North declinations and latitudes 
are positive; south declinations and latitudes are negative. Local hour angle 
of. the sun is measured positive westward from the observing meridian. For cer- 
tain combinations of variables equation (2) may yield I cos LHAl > 1. In such 
cases sunrise and sunset do not occur and the point in question is either in 
total darkness or total sunlight throughout the day, a choice of which is 
easily determined by consideration of the season concerned. It should be noted 
that the definition of E used here is the negative of that normally used by 
1 and 2) but is identical to that listed in recent ephemerides. 
hr” the e P hemer i des redefine E as the correction to be applied to 

12 + local mean time (LMT) to obtain the LHA of sun (ref. 3, 1 965 )). 


TABEE OF SUNRISE AND SUNSET TIMES 


Unfortunately the required solar ephemeris data need to be garnered from 
separate yearly publications: 

E: American Ephemeris and Nautical Almanac (ref. 4) 

5; Nautical Almanac (ref. 5) 

Reference 5 also gives E but the accuracy of the tabulation is insufficient 
for our purposes. Reference 4 gives 5 at midnight, but not at noon. 

The appendix gives a Fortran IV computer program for computing sunrise 
and sunset times. We have used this program to compute these times at five 
ionospheric heights (100, 200, 300, 4o0,"l000 km), for the first and fifteenth 
of each month extending over the period October 1, 1962 to July 15, 1964. In 
all cases S = 30 km. Table I shows the computer print-out. The date, 
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declination of the sun at noon in degrees, and equation of time in hours both 
on that date are given on the top of each sheet. Columns 3 through 7 give the 
sunrise and sunset times (in hours, minutes, and seconds) at each of the above 
ionospheric heights. These times are given over the pole-to-pole latitude 
(LAT) range I LAT I < 88° in 2° latitude steps as listed in column 1. For ref- 
erence purposes computed ground (H = 0) sunrise and sunset times are given in. 
column 2. Here S has been assumed zero, but for compatibility with ephemeris 
listings (refs. 4 and 5) of ground sunrise and sunset times we have assumed 
X = 90° 50' (allowing 34' for atmospheric refraction and l6' for the solar sub- 
tended half-angle) . It may indeed be verified that the computed times agree 
with the tabulations contained in references 4 and 5 • 


GRAPHS OF SUNRISE AND SUNSET TIMES 


Cartesian coordinate graphs of local sunrise and sunset times for three 
altitudes (H = 0, 300, 1000 Ion) and for each of the dates given in table I are 
shown in figures 3 to 46. North and south polar coordinate representations of 
these data for altitudes H = 0, 100, 200, 300, 400, 1000 km, but only for the 
first of each month during calendar year 1963 are shown in figures 47 to 5°* 
These latter graphs may be easily interpreted by noting that the sun lies 
always at the top of each graph such that the noon meridian is the vertical 
line extending from the north or south pole toward the sun. Hence, each 
sunrise- sunset "line" marks the geographical extent of total sunlight (above 
the "line") and total darkness (below the "line”) for the particular date. cor- 
responding to that "line." Note that the portion of each "line" to the right 
of the noon-midnight meridian specifies a rise time for each latitude , whereas 
the portion to the left specifies the set time for each latitude. It is quite 
interesting that periods of total darkness (or total sunlight) at the ground 
occur at times of total sunlight (or total darkness) at ionospheric altitudes 
in certain polar cap regions. 


EXTENSION OF THE DATA 


The computer program used to calculate the data presented above is given 
in the appendix. For researchers not having access to a computer, or requir- 
ing only limited additional computations, hand calculations using the equations 
presented above are, of course, easily performed. 

To extend the computations to other altitudes one needs only employ an 
appropriate cos x in equation (3)* Figure 59 illustrates the manner in which 
X varies with H for a fixed S = 30 km. For precise extension of the ^compu- 
tations to other days of the months already presented, the appropriate E's and 
&'s available in references 4 and 5 must be used. For many purposes, however, 
interpolation of the tabulations and graphs given may suffice. Extending the 
computations to other years again requires appropriate E's and &’s. The 
required data, for the first and fifteenth of each month for calendar years 
i960 through 1964, are given in table II. Solar declination at noon is given m 
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degrees, minutes, and seconds of arc, and the equation of time, in minutes and 
seconds Of time. One purpose of presenting sunrise and sunset times for the 
better part of two years in table I and figures 3 to 46 is to enable the 
determination of the annual change of these times on a given date. It is clear 
from the results that this variation is negligible for most purposes. Also, 
comparing the variation of 5 and E over a five-year period in table II shows 
that the graphs presented are quite representative for any year, at least in 
the period discussed. 

Ames Research Center 

National Aeronautics and Space Administration 
Moffett Field, Calif., Jan. 7 , 1 966 


5 



APPENDIX 


PROGRAM FOR COMPUTING SUNRISE-SUNSET TIMES 

INTEGER YR,DY»TR1,TR2,TR3»TS1,TS2»TS3 LC0500 

REAL LHAR*LHAD LC0500 

DIMENSION T R 1 ( 8 9 > 6 ) »TR2(89,6) »TR3(89»6) * HE ( 6 ) > X PH ( 8 9 ) , P R ( 2 ) LC0500 

DIMFNSION TSl(89,6) *152(89 ,6) ,TS3(89*6) LC0500 

DATA ( PR ( I ) , I = 1 ,2 ) / 1H , 1H1 / , ( HE ( I > , I = 1 ,6 ) /O . , 100 . » 200 • » 300 . , 4C0 . , 1 LC0500 

1000./ LC0500 

WRITF (6*1) LC0500 

1 FORMAT (AOHICO^PUTATION OF SUNRISE AND SUNSET TIMES) LC0500 

2 RF AO (5,3) YR,wO,DY,DFLTO,E LC0500 

3 FORMAT (3I3,2F8.2) LC0500 

DO 9 1=1,6 LC0500 

IF ( I — 1 ) 5,4,5 LC0500 

4 TFRM=-.01454 LC0500 

5=0. LC0500 

H=0. LC0500 

GO TO 6 LC0500 

5 H=HF ( I ) LC0500 

5=30. LC0500 

TERM = -SORT ( l.-( ( 6370. +S ) /( 6370.+H ) )**2) LC0500 

6 PH I D = -90 • LC0500 

no 9 js l , 89 LC0500 

PH I D = PH I 0 + 2 • LC0500 

XPH ( J ) = PH I D LC0500 

PHIR=PHID*. 017453 LC0500 

DFLTR=DPLTD*. 017453 LC0500 

LHAR= ( TERM-SI N< PH I R ) * S I N ( DEL TR ) ) /COS ( PHIR ) /COS ( DELTR ) LC0500 

IF ( ABS( LHAR1-1. ) 8,8,7 LC0500 

7 TRl ( J, I ) =0 LC0500 

TR2 ( J * I } LC0500 

TR3 ( J i I ) =0 LC0500 

T 5 1 ( J , I ) =24 LC0500 

T c 2 ( J , I ) =o LCO 500 

T S3 ( J , I ) =0 LC0500 

GO TO 9 * LC0500 

8 L H AR = A CO s ( L H A R ) LC0500 

LHAO=LHAR»57. 2968 LC0500 

T R = A‘^00 ( 1 2 • - F - L H A O / 1 5 • + 2 A • ,24. ) LC0500 

T s = AMOD ( 12.-E+LHAD/15.+24. ,24. } LC0500 

TRlIJiI )=TR LC0500 

Z 1 = T R 1 ( J , I ) LC0500 

l 1= ( TR-Z] ) *60 . LC0500 

TR2 ( J , I ) =7 1 LC0500 

7'2 = TR 2 (J.I) LC 0500 

T R^ f J* I ) = f 7 1-72) *60. LC0 6 00 

TC1(J*M=tc LC0500 

7 1 = T S 1 ( J, I ) LC0500 

Z 1= ( TS-Z 1 ) *6C , LC0500 

T52 ( J, I ) =Z 1 LC0500 

Z 2 = T s 2 ( J , I ) L CO 500 

T S3 { J , I ) = ( Z 1 -Z 2 ) * 6 3 • LC0500 

9 CONTINUF LC 0 500 

WRITF (6, 1C) YR,mq,oy,OFLTD,F LC0500 

10 FORMAT (5H1DATE, 1 . X,3I3,5X,2 6 H DECLINATION OF SUN AT NOON , F 7 . 2 , 5 X , 1 6H LC0500 

1FQUATI0N OF T I M F , p 6 « 2 I 

A P R = P R ( 1 ) LC0500 

WRITF (6,11) APR LC0500 

11 FORMAT ( A1 , 14X , 1 1HHE I GHT = 0 . , 1 0 X , 4 H 1 • U . , 1 7X , 4H 2 00 . , 1 7 X , 4H 300 • , 1 7X , LC0500 

1 4 H 4 0 U . , 1 7 X ,5H10i_0./tiX, 18H SCREEN HEIGHT = 0 . , 1 1 X , 3H3C . , 1 8X , 3H30. , 18 LC0500 

2X,3H3u. ,lttX,3H30. , 1 YX , 3H 30 . / 2X * 3H LA T , 6 ( 4X , 7HSUNR I SE , 3X , 6HSUNS E T , 1 X LC0500 
3)1 LC0500 

DO 12 1=1,44 LC0500 

12 WRITE (6*13) XPH( I ) , ( TRl { I , J) ,TR2 ( I , J) ,TR3( I ,J ) ,TS1 ( I , J ) ,TS2( I ,J) , LC0500 

1 TF3 { I , J ) , J= 1 ,6 ) LC0500 

13 FORMAT ( ] x , F4 . 0 , 6 ( ?X , 3 I 3 , 1 X , 3 I 3 ) ) LC0500 

A P R = PF ( 2 ) LCOSOO 

WRITF ( 6 , 11 ) APR LCOSOO 

n n 14 1 =46,80 L C 0 5 n 0 

14 WRITE (6*13) XPH( I },( TR1( I ,J) ,TR2( I ,J) ,TR 3( I ,j ) ,jsi ( I ,J ) ,TS2( I ,J) , LC0500 

1 TS3{ r , J) , J=1 ,6 ) LC0500 

GO TO 2 LC0500 

LCOSOO 
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TABLE I.- SUNRISE AND SUNSET TIMES - Continued 


1X1 

l/> 

z 

3 

• • i/J 

o o 
o m 

o 


« vj- 'i- co o f\j vO 

M in ro (\t 


-o^ 4 OOinr- 4 «-icr'C 0 inmc 0 OOOOOOo 

^ t Mn rO sT - 4 - fO 4 4 


so'MinNoccooonrfi^^a'nN 

i{\ 4 ^ tO 4 - m r~t cm 4 f M , .»..; N <r-M 4 M^wT nw ^ 

'0<t(\jo®Nn'f(«uNjHO(>0'!J'a | (7'ff'(7'0'-i(M't'OroH^ffifoconro^vO(Mm^^ooooooc 

r-i rsj m tn ^ >j- <f- 

LLia)inf^ucor k -r , -NCJ'N'0>-i'0(\j(B^ooHHNC7'rocj'4'Uic7'HinnoooH>4’vON-0('jt v ooooooc 
(A n 4 fMtr\r-icMr , "irMi-H 4 r-icNc r icsi*-J 4 uriiri 4 »-c in innH'jnnniMN m 4 

a:o(MnNa)CH(^<i , n'Oh*h'©cccoa}KN'On't(^^co>0(Njco^o[)«i(rifr\Hn^( , \j(nooooooo 
Z44444inminininininininmmminininmtninm444mmcM<M^-c n d ^ ” 

(/) (^ fl W r'lrfiffirrirnirifrir^fOfri m m m m ro ^(< 1 ff 1 fnf f lin<nf('fri(r)rf|(O( , nf 0 iMf > iJ(NjHOOOO OOOO 


<xj -h o' 4 4C'CT'mmf-inoo4'£>*-C'-*m4coM3 0oinr-r-4*Hcor-.-i,-ip-4>oiMr'»i'ncDOor-r-t->ocJ4oc' 
►— cm cm •— ‘ cm m 4 m in in h n r-i m 4 min 4 

UJ 

in'\iocC'0'j(\ir-icr<X)'Oinn'(M^oo'cor^'CvOinin>}’'>j->t>j'-j‘4-nin\Oco(7'njini»rni J cri-H(7'C!7'Oc 
Z ininininir\44444444mfnmrf'cOmmr*‘icnf«Orcif<'immmr< , 'mm444tn im m —• 

t/)C7'(^COOOCOOCODCCDOCOCCCO{XJaOOOCDOOOOQOOOOOOOOOCOaOOCOOOOOOCOCOOOOOQOC!OODGOCr'OCT'(7'0*- , >J''4’ 

• * ’"■J <~C rH f~* 1—* I ( r—t r~J r-C w-< I — l • — l •— ■ -U I — t ■ — 4 T -l * 1—4 r-J r~i r*C <— * *-M r-J r4 —4 r-4 rA «-“* r-c r-c T— 4 t-C f — l . — t , — 4 r—4 . l l\i r-J n 1 fXJ 

j m 

r l±j r- -r -Or-i^o^!\jAixii^HO'.r'j’0'~<N3'n i nDiiii;r-i>fn.t«s}-^sra''n'i).gNr'!Dr'j'n^of3 
io r-» r-4 cfrsj mm 'Mminin in m -h in cm in r-4CM.-»inrM44cMmcM<M44.-«iM n m in 

, -'Ocoa'OfNJcn’Tmr-coCT'cro^-*^<MrMmfricnmrsi(Mr-»oa'f^m!Moofnr**oO'Or-i^-r-oo 

\n( , nfn<4 , 'r'J‘'f'J , 'T'J''j’n(nninintninnininninin'j'>j-xj , >4T')mrvjr-* 4 _i _* 


a: tn r- ^ r-« m sr 

ZNMMmmm: -, , „ ^ ^ ^ _ , «, u , >, M sr nt .<. ^ ^ _ 

^ 4 4 44 -r ^ ^ ^ vt + 4 4 4 4 4 4 m m cm o f. 


<rcor~^-iornoouncNjmcoi/'iNoa'i^inr^^JO^mr\jrnoo-oa'r»-oor-vroor^'-rv^-»LnNOcr'X)— i-r 

f— n h -i nj m rM'TfH^Hinm^ in 4 4 4 4 4 in h min n <t cm im m n fNiMininn^inni^ 

UJ 

i/)i-4(j'Mnm.-(oS'Onfnnjoo'coNn'^( , rinj^o^O'coh>0'Ooninninnvor'COO(nco^ i n>f 

incOCCCOrCCOCOCOCOOCOOJOOOOOCOCODOOOOCDCOaOCDCDflOCOOOCOCOflDOOODCtMOflDrooOCOODCOIXJCDina' 
• • H '*< H H H H r! r( »4 -« H i-l 1 -i p-( r < H H H M ^4 ^ ^ H *-l ^ M ^ H »■< f-t n t-l »-« H I-J 

o o 
o no 


♦ r* to u'hm n n o ni nj a ^ O u c? co ni n o in M n >o oo n n co h n in co u >r o O' no O' ^ 

4 . i • -A r< ,r\ rc\ r j la ^ ^ in m vt jt* in ■ r\ in in > m _■ in ^ i*** - . 4 . ^ j ^ 


, j pmm r . u a 1 hj u u w ni uw u m 1 _ _ _ 

. { -h r< ,n m >-i in n m in m >i- ^ m.n in in ^ m ^ m m mm , -4 4 — 1 -f ^ in h m m 

K'Ocounj«fmN(7'Cjrufnin^p*0'OH(Mm<rinvOMD^croHHHMiMrM^^ooo>oimo'(Njnj(ri 
Z m m 4 4 4 4 - 4 - vr n in. in ;n m n n Hr-ir-ii-i^jr-iF-iHHH m m 4 cm 

^4 4 4 ■T44‘-i44'j''t4Ni''j''tininininininin. ininintnininininininininininminin'4-4'44 


o o 
xj m 


o^^^^Qfrico-ooccf'jr'^miMm't'OcP-i^so'O'-ioi^nj^Mvommf'JO' 

1 — 4 <r 4 4 n cm 4 NinH 4 -*'J‘r'<' 3 , -i 4 (\iinfM | jn(t m m n 4 h m rv h «r 

!XI 

i/jp-mm— «0'a>s04CM—icr'r~'04m-~-iocor-in4fM.-40'aor‘-inmc\jCjO''r^mm»-ccO' 

ininminininin'j4'j , 44mi 

■moocoaDaooococcoocDarcccocooocooocooccDcococoaTr'-r-r-r'-r-r-r-r-r-r-r^-i^-f^-r 

l_j O' -r 4 -h <r m f'j in cn t— ^cjj r-« CM m m h cn n' 4 >— 1 cd x> in 4 in iu m ^ n ni i\i m -u 1 

W'Tinmm^mivi 4 <\i 4 HinnunniuiH-rH 4 m m m ^ uun h h h n 4 i 

at'Hniinr*U'H(n4^opU'>^rj'TU\r-couHn>T'Or'U'o(\iniinocDunj4'ijau. 
Z 4 :n in m if\ m ,-h ^ _ 1 _t ^ ^ cm cm cm cm cm i\i cm r»i m m m m m 4 4 - 4 4 - 4 < 

i/>4* 4“ 44'T4iriininuuninininininininininininininininininmtninininininin 


r- ^ m 
4 - 


■4 CM 
OO a 43 


hNS >0 


tninin^vO'O'O'Om 


co in 

a: 00 

z 

3 

u 0 ii\ 


)u\ 4 -«ocT' 4 ' 0 ^-if 3 n)fMrHa'NorococMmcMCL’fjaDor-r > -a) 03 -ou>^rtS/r-«m( 7 'inr-»oo 43 rMP-^HmLJo 
1 m m m m -r in in cm m m 4 * .n in in m m m m n «t 4 - cm (\i in m - 1 m ^ in 4 - 4 - m 

)'O'T(NuaK) 4 mH(jv|v^(i 1 H 0 '(«'U'T'- iV'r^-in(Moi ,w ii> ( Mcumr 4 r-cM'Ooro 4 -mcr{j'— 14-0000 

1 h r-> h h ininininin 4 «f 4 'T'rmnmmmN(VNr 4 r^H m in, 4 

jcL>ajajcu<xjoocoaoa;r'-r-r-r-*r-r-r-r-r-r^r , '-r~r-r-r , *'r'~r-r'-r-r^r- 

( •“* H t~4 r- 4 ►»♦ H H r-~4 « — t T-M H «— t rJ * — l H «“■* rH H r-4 H •— • i-l r-J H H r-J r-J r-H H 

OHC'^Hineoc'mm’T'uyfVMiinirnMnMnouicMnin 
inmin«fmmniH ui 4 - 4 - r»> m m m m 4 " m r-< m 4 c« , m 

4 r» cmni n 
imcMn 

U\ m m 4J 4J so >0 4J X) UJ 4j 4 J O <U M 1 * MU a H (j U 


4 -mcra '— itco ou 
in m. 4 n rg 4 m cm h 

n- n* x) o x gj x x) in m 4 <g 4 4 

•—* HrCrtHrC-Cr Ir^rlrtign; 


' 4 ni m (M rj m 4 4 rn m m rn rn 4 m ro g- ni m 4 im him 

^nm 4 - jjcoi_jc\) 4 h XiQJ v.j ri fui n 4 u m n mt rg 4 r- O' (\in x 
h h h h ri ig ig nj i\i rg ni m m m m ,n in ,rt ,n 


nHnmnw 4444 ^inu’iin 

m m ui ni i.n u> m in : 


4 O -O O 4 MT m OD 4 O f J O 
H 4 innjrirJnj 44 in 

cm >0 cj n o o 4 - m 4 co r- m im ct> co <;j 
h him ini ni ff' 4 n r-i r' — 


XI U ►— --1 r-» 


1 O nnj im ji 4 in m g) 4 Mn im (m m 4 1 
in in 4 ni h 4 cm in cm 4 4 * 


1/1 r- u\ m *-« o' uj 4 t\j u i 
Z 4 4 4 r ni m m m ;<i < 


xi 01 —• uj xi n 1 h ann i 


l 4 t-l O U CJ I- CJ 


xxi-0r^f'-f'-rT-fw r ^ r --. r ^r-f^r--r^r^r--r'-r^r'-r~r^r^4j'0'0-X'0x;-,uv0Oxj'0muiinin44mcM444444 

<3 0 *H ^ r-l l^- lr-J<— «t— 4 t-< ■— I I r-( .-4 r-i r ■« «--» r-J .-J «—* rH *-H r*H r-* — < , J r- t H H r ' IM (M (M I'g l\| (M 

UJ UJ 

iiiiiH4No4(MnmrM)rtu[MO'Hcoi\i(nn(M.-i40N4iaa)^(D(Nn4WMn(j'o-fuo(Jouou 
w im mm m m i" 4 ni *h ni ;x\ n n h <r n» cm cm m ui <m — • r~' m 'M cm ni <'*1414 r<» in 4 m cm 


) in im i m m m m 4 

z -• 

IJU.OCM 4 X) «U <LJ CM 4 r- O' 

•xi Z 44444 in in in mm 


ioujrcm>uu'rgincucMDOCO''J , 0'Om"iuHgo'cu4iJi’iuououu 
h h h h ig ig im m m 4 44 m him m g- in cm m m 4 

u 1/1 m m ui hi guun m «un g> gj >u <j x> xi o 0 su x) xj xi <j mj o -o xj r- r* i>- r'-r-cocowvrusjooooo 

l n , 


<ON4g)COON4'OCDOM4'OtO!M4gjCOUM4'0®QnJ4'l)®U(M4g)CDO(M4iMDOrg4g)aj 
— * I rCHHH r grgNrg(MiMpi(n(n(nm444'r4ininininin<K)»o«i)g)hNhNNa)aooocoa) 


13 


58 12 16 29 23 3 42 45 19 44 50 

26 11 15 1 24 09 57 23 17 38 



TABLE I.- SUNRISE AND SUNSET TIMES - Continued 


jd 

<N 

o 


a 

Z 

(J 


< 

C J 

UJ 


u 

z 

vj 


o 

o 

o 


o 

o 

4 


o 

3 

pi 


cj 


O 

m 


LU 

OO 

a: 

Z 

3 

uO 


z 

3 


o 

pi 


uj 


ne 

Z 

3 

00 


UJ 

z 

3 

o0 


c* 

m 


oO 


cc 

z 

3 

oO 


i.i 

00 


oO 


c 

pi 


UJ 

oO 


at 

z 

3 

00 


3 


UJ 

OO 

a: 

z 

3 

oO 


CJ p- 

UJ 


II OO 



X oO 
O 


Uj 

X >JJ 
l/> 

uj a 
uu z 
y 3 
3 oo 

i/> 


o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

r- 

CM 

o- 

p- 

OO 

>0 

m 

in 

O' 

r- 

CM 

co 

m 

CM 

m 

4 

m 

oo 

00 

H 


























CM 


m 

m 

«M 

m 

4 

4" 

m 


u\ 

CM 

—4 

fM 

in 

4 

4 


■4 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

H 

4 

in 

O' 

43 

in 

in 

M3 

CO 

•—4 

m 

00 

m 

CD 

m 

00 

4* 

O 

r- 

m 

























4 

f-i 

m 

m 

CM 

-j 


in 

4 

4 

m 

CM 

fM 

ft 

«— 4 




in 

in 

4 

4 

4 

4 

4 

4 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

•—4 

«— i 

H 

f-4 

i—4 

o 

O 

O 

o 

o 

O 

o 

o 

o 

O 

O 

O' 

O' 

(M 

rvj 

CM 

CM 

CM 

CM 

(M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

fM 

CM 

CM 

CM 

r- 4 

r— 1 

o 

o 

O 

o 

o 

o 

o 

O 

a 

O 

O 

O 

o 

O 

3 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

in 

m 

O 

O' 

r- l 

4 

CM 

CD 

O 

in 

O' 

4 

in 

4 

m 

4 

O' 

O' 

>o 

























4 

CM 

4 

ft 


CM 



in 


4 

4 

CM 

m 

rsj 

in 


in 

m 


o 

o 

a 

o 

o 

o 

o 

O 

a 

o 

O 

o 

o 

a 

o 

o 

a 

o 

o 

O 

O 

o 

O 

o 

P- 

4 

m 

O' 

CM 

m 

m 

CM 

O' 

p- 

m 

O' 

in 

o 

m 

O' 

4 

r- 

•—4 

in 

























4 

ft 

m 

4 


H 

CM 

m 

m 

4 

in 

in 


•— < 

*— » 

•—4 

CM 

CM 

m 

m 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

O 

o 

O 

o 

O 



> — < 

CM 

CM 

CM 

fM 

CM 

CM 

CM 

OJ 

m 

m 

m 

m 

m 

m 

m 

m 


a 

o 

o 

o 

o 

O 

O 

O 

a 

O 

O 

c« 

O 

O 

o 

O 

a 

O 

•-4 

M3 

m 

OO 

O 

Pi 

in 

PM 

M3 

4 

CO 


M3 

O 

O' 

3 

3 

CO 

f, 

3 

TO 

O 

PM 

m 

4 

fM 



















4 

CM 

in 

in 

in 

H 

PM 


4 

PM 

4 

in 

fM 

Pi 

ui 

Ui 


fM 

-* 


H 

4 

f l 

in 

4 

4 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

4 

O' 

PM 

CM 

M3 

Pi 

ft 

rM 

ft 

Pi 

in 

cc 

PJ 

M) 

C> 

Ui 

> — I 

M3 

PM 

3 

4 

O 

r- 

m 

O 

P- 




















-u 

in 

m 

ft 


in 

4 

m 

PM 

w 



in 

Ui 

4 

4 

m 

m 

PM 

PM 

PJ 

ft 

•"* 

ft 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

m 

PM 

•— i 

ft 

ft 


o 

o 

o 

O 

o 

o 

O 

CP 

O' 

CP 

CP 

O' 

O' 

O' 

O' 

CP 

O' 

CP 

O' 

CP 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

<M 

fM 

CM 

CM 

CM 

CM 

W 

CM 

CM 

fM 

fM 

CM 

PM 

CM 

PJ 

fM 

PM 

fM 

PM 

CM 

fM 

CM 

fM 

ft 


ft 


. 4 

H 


ft 

•— * 

ft 

rr. 

ft 


3 

O 

3 

a 

3 

3 

O 

O 

a 

3 

O 

O 

3 

o 

3 

o 

3 

3 

<3 

»-i 

4 

cr 

p> 

4 

PM 

in 

ft 1 

Pi 

O' 

D 

r-l 

r- 

CD 

r- 

P- 

CP 

M3 

O' 

O' 

p- 

ui 

4 

PI 

in 




















CM 

m 

4 

in 

m 

CM 

4 


fM 

m 

m 

PM 


4 

in 

4 

1— 1 

m 

Pi 

fM 


Pi 

m 



3 

3 

O 

o 

3 

O 

O 

o 

o 

3 

o 

O 

3 

cj 

3 

o 

3 

O 

4 

O' 

in 

in 


in 

r~ 

P> 

P* 

in 

PM 

O' 

M> 

PM 

r- 

CM 

r- 

CM 

MJ 

(3 

4 

co 


4 

TO 

ft 



















PM 


m 

in 


PM 

m 

4 

in 


— * 

ft 

PJ 

pi 

m 

4 

4 

in 

Ui 




— i 


f» 

pj 


O 

C 3 

c 

o 

O 

3 

° 

o 

O 

c 

Ci 

a 

o 

O 

C; 

C 

3 

c 



"* 

<M 

PJ 

PM 

fM 

CM 

m 

Pi 

m 

Pi 

m 

pi 

Pi 

Pi 

pi 

Pi 

4 

4 

4 

4 

4 

4 

4 

O 

3 

O 

o 

O 

o 

O 

o 

a 

o 

o 

o 

o 

o 

CJ 

ca 

o 

PM 

o 

CO 

o 

m 

f i 

O 

C3 

4 


fM 

ft 

•— i 

O' 

CM 

in 

X 

r- 


O' 

CP 

3 

ft 

ft 

O 

M3 

O' 


















4 

in 


PM 

4 

Pi 


in 

4 

pi 


ft 

m 

in 

m 

PM 

Pi 


m 

4 

Ui 

PM 

in 

Pi 

PJ 


r-l 

o 

o 

3 

o 

o 

o 

o 

o 


o 

o 

3 

o 

o 

a 

u> 

o 

fM 

m 


*M 

M3 

Pi 

P'1 

ft 

fM 

4 

P- 

O 

pi 

p- 

PM 

r~ 

PM 

<x> 

pi 

O' 

Ui 

PM 

TO 

n 

fM 

O' 

M3 


















4 


4 

CM 


in 

4 

m 

PM 

p-* 



in 

4 

4 

Pi 

Pi 

PM 

CM 

1—1 

«-l 

w 




Ui 

Ui 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

fM 

CM 

ft 

wM 

ft 

3 

O 

3 

O 

o 

3 

o 

cr 

O' 

O' 

O' 

O' 

CP 

O' 

O' 

O' 

CP 

O' 

CP 

O' 

TO 

TO 

CM 

(M 

'M 

OJ 

fM 

fM 

<M 

fM 

CM 

CM 

CM 

fM 

fM 

CM 

fM 

fM 

IM 

r\» 

CM 

fM 

<M 

(M 

fM 

fM 

PM 

PM 

fM 

CM 

Pi 

ft 

.-1 


f 1 


r*l 


-I 

- 4 



~ l 

r-4 

ft 

.-t 

3 

1 J 

3 

C_> 

3 

3 

3 

3 

3 

a 

UJ 

r.i 

3 

CJ 

UJ 

3 

3 

in 

r- 

O' 

P- 

PM 

MJ 

P- 

p* 

m 

M3 

m 

MJ 

M3 

ID 

in 

PM 

CP 

3 

M3 

3 

3 

r- 

M3 

MJ 

r- 


3 



















in 

fM 

CM 



4 

m 


•—4 

4 

Pi 

•A 

4 

.H 

PM 


4 

in 

in 

4 

;M 

in 

— • 

CM 

Pi 

* J 

O 

O 

a 

3 

O 

O 

O 

O 

O 

o 

3 

O 

O 

O 

c 

O 

a 

M3 

CM 

P- 

M3 

PM 

*n 

M3 

MD 

o 

4 

ft 

03 

4 

O 

M3 

—I 

M3 

O 

4 

3 

PJ 

M3 

O' 

m 

M3 

O' 

CM 


















4 

pj 

4 


<M 

m 

4 

in 


r-t 

PM 

PM 

m 

4 

4 

in 

in 




H 

— 1 

H 

fM 

fM 

CM 

Pi 

C- 

O 

o 

O 

Cl 

o 

a 

a 

3 

c 

c 

O 

O 

o 

o 

o 

3 

O 

"■* 

ft 

fM 

PM 

”M 

PM 

fM 

m 

Pi 

Pi 

Pi 

Pi 

pi 

Pi 

m 

Pi 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

o 

a 

c 

o 

o 

o 

o 

o 

O 

o 

o 

3 

o 

o 

o 

m 

CD 

4 

4 

'n 

m 


-J 

Pi 

4 

4 

4 

O' 

4 

4 

p- 


-i 

r- 

CO 

O 

4 

O' 

CM 

4 

Pi 

O' 


O' 

















1 — 1 

m 

— j 


4 

PM 

Pi 

in 

— * 

fM 

— * 

Pi 

Pi 

in 

m 

4 


ni 

PM 

Pi 

4 


4 

PM 

•-* 




o 

o 

3 

3 

o 

o 

3 

3 

3 

a 

o 

3 

o 

o 

3 

CM 

fM 

«y 

PM 

U"l 

o 

3 

P- 

r- 

O' 

r-l 

4 

P- 

ft 

in 

3 

Ui 

ft 

M3 

PM 

CO 

4 

— 1 

r- 

4 


CO 

Ui 

fM 


















4 

fM 


un 

Pi 

PM 

ft 



m 

4 

4 

Pi 

Pi 

PJ 

CM 

.-4 

-* 




Ui 

in 

ui 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

m 

CM 

*~4 

H 


u 

U 3 

UJ 

3 

a 

O 

CP 

O' 

O' 

CP 

O' 

CP 

CP 

CP 

O' 

O' 

O' 

O' 

TO 

3 

TO 

OO 

TO 

3 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

fM 

CM 

fM 

cv 

fM 

fM 

PM 

CM 

CM 

(M 

CM 

PM 

fM 

PJ 

ft 


ft 

ft 


ft 

ft 



« 

• — < 


ft 

ft 

r-l 


ft 


3 

3 

3 

3 

3 

3 

3 

< , 

■ J 

o 


J 

f , 


3 

M 

O' 

PI 

Pi 

■s, 

4 

M) 

M3 

4 

m 

■T, 

m 


Pi 

pi 

3 

MJ 

MJ 

, 1 

O' 

r- 

m 

3 

«n 

Pi 

4 

03 

ML > 

U3 
















m 

CM 

»u 

m 

4 


CM 

rJ 

in 

m 

PM 

pi 


f-* 

ui 

*“« 


4 

ft 

— • 

»• j 


PI 


PM 

m 

PI 

PI 

CM 

'3 

u 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

MJ 

MJ 


MJ 

PI 

CO 

O 


3 

O' 

r~ 

4 


r- 

PM 

CTJ 

PI 

r- 

CM 

MJ 


4 

r- 

f4 

4 

P- 

3 

pi 

U 
















•M 


4 


CM 

Pi 

in 


ft 

-4 

iM 

PI 

4 

4 

Ui 

in 



-* 

-M 

iM 

CM 

PM 

Pi 

PI 

pi 

4 

4 

4 

3 

3 

r_i 

3 

O'* 

3 

3 

O 

U J 

o 

3 

UJ 

3 

3 

3 

c- 


i— c 

<M 

CM 

CM 

fM 

m 

m 

Pi 

Pi 

m 

Pi 

Pi 

Pi 

pi 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

O 

O 

3 

t , 

3 

3 

3 

3 

O 

UJ 

. , 

3 

3 

O 

MJ 

4 

r- 

MJ 


MJ 

M3 

CD 

3 

M3 

4 

MJ 

p- 

4 

Pi 

ft 

sj 

MJ 

UJ 

Ui 


M3 

u> 

Put 

<J 

in 

,n 

3 

O' 

rv 














m 

-j 

in 




m 

ft 

4 


Pi 

m 



Pi 

PM 

Pi 

•n 

Pi 

Pi 

PI 

in 


Ui 

Pi 

r M 

• 4 

—• 

fM 

'M 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

o 

4 

MJ 

MJ 

O' 

in 

PM 

PM 

CM 

4 

M3 

O' 

Pi 

p- 


MJ 


MJ 

CM 

ao 

4 

3 

r- 

Pi 

3 

r- 

4 

ft 

aj 

UI 

CM 














m 

in 

CM 


4 

m 

PM 

ft 


in 

4 

Pi 

P‘ 

PM 

PJ 

■ ~t 

-* 



in 

in 

Ui 

4 

4 

4 

m 

Pi 

n 

PM 

PM 

fM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

*— 4 

p— < 


3 

3 

3 

CJ 

3 

cr 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

CP 

O' 

3 

3 

3 

3 

3 

TO 

TO 

TO 

TO 

TO 

TO 

cu 

CM 

CM 

CM 

CM 

CM 

CM 

.M 

fM 

»M 

CM 

«M 

CM 

CM 

CM 

fM 

fM 

CM 

rg 

CM 

CM 

fM 

fM 

iH 

p - 4 


ft 

ft 

•"* 

— « 





ft 

r-l 

*— 1 

■“1 



—l 


*"* 

•"* 


C > 

O 

3 

C 3 

3 

3 

3 

3 

3 

u> 

O 

O 

3 

r* 

r-t 

PI 

3 


3 


ft 

O' 

O' 

r-l 

m 


CJ 

Pi 

4 

MJ 


ft 

r- 

PM 

M3 

rl 

P- 

Ui 

P- 

PM 

PM 

P- 

3 

Ui 















m 

in 

4 

m 

4 

in 

P> 

in 

fM 

*— 1 

-*• 

4 

4 

rM 

PJ 

ft 

Ui 

ft 

i — i 


m 

Pi 

Ui 

— 1 

<M 

Pi 

PI 

PJ 

f'H 


<_> 

c) 

3 

3 

' > 

3 

3 

3 

O 

fj 

3 

3 

'3 

fM 

4 

r— C 

«M 

O' 

m 

in 

M3 

fi 

4 

>M 

CP 

Ui 

r-l 

P- 

M 

r- 

r-* 

■o 

CJ 

4 

r- 

ft 

4 

TO 


4 

P- 

3 

Pi 

MJ 














U> 

m 


CM 

p» 

in 


ft 

CM 

Pi 

4 

4 

u> 



ft 


fM 

fM 

pi 

Pi 

O! 

4 

4 

4 

UI 

■ n 

in 






3 

3 

CJ 

O 

3 

3 

3 

U J 

UJ 

3 


3 

H 

IM 

CM 

CM 

CM 

pi 

PI 

pi 

Pi 

Pi 

CM 

P’ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

UI 

U 1 

Ui 

3 

3 

3 

3 

c.) 

3 

3 

UJ 


(M 


3 

CO 

3 

m 

ao 


MJ 

p- 

(M 

3 

MJ 

fM 

<n 

■ J 

in 

P- 

4 

4 

M) 

r- 

3 

•o 


PI 

O' 


MJ 

■n 

P- 

_ 

TO 

M3 

Ui 











CM 

ut 


m 

rJ 

ft 


CM 

4 



Pi 

4 


ft 

'M 

Ul 

4 

4 

in 

» — i 

4 

fM 

-* 


Ui 



r—t 

<XI 

4 

in 


PI 

3 

3 

3 

3 

3 

3 

3* 

w 

3 

3 

4 

-1 

UJ 

or 

4 

.4 

UJ 

3 

iH 

4 

P- 

3 

4 

O' 

4 

UP 

4 

UJ 

MJ 

M 

O' 

UI 

iM 


MJ 

IM 

3 

r- 

4 

r-l 

u> 

m 

P , 

1-3 










4 

4 

' * 

4 

•M 



in 

4 

(P 1 

IM 

r-C 



hi 

lM 

4 

4 

4 

PI 

Pi 

lu 

IM 

1 '■! 

—• 

~4 


■ 4 




l-CI 

•n 

li 

11 

4 

4 

4 

4 

4 

4 

4 

4 

4 

f'l 

-C 


3 

c 

f J 

3 

O' 

O' 

O' 

O' 

O' 

cr 

O' 

a> 

cc 

(U 

3 

CT' 

CJ 

ou 

CT' 

<X, 

3 

3) 

3 

ai 

ai 

3 

3 

3 

p- 

p- 

P- 

P- 

CM 

«M 

CM 

CM 

CM 

<M 

CM 

IM 

CM 

* M 


•M 

IM 

<M 

IM 

'M 



*■* 


-■* 

.4 

—( 

ft 

— -1 

*— 1 





. M 




- 


-• 


*4 






3 

3 

3 

3 

C3 

3 

UJ 

3 

3 

If l 

i — c 

r- 

O' 

r- 

4 

CT 

MJ 

—i 

3 

in 

P- 


m 

CM 

P“ 

C^l 

3 

Pi 

Pi 


3 

O' 


MJ 

4 

UJ 

•o 

H 

IM 

'J 

MJ 

O' 


I'J 











CM 

u\ 

m 

T-l 

ry 

IM 

fl 

( J 


4 

4 



pi 

PI 

( M 

m 



n 

PI 

Ui 

M 

Pi 

4 

4 

4 

4 

PI 



4 

PI 

ft 

3 

3 

3 

3 

3 

3 

3 

3 

3 

CO 

4 

o 

u 

O' 

4 

r- 

<o 

3 

r- 

4 


ai 

4 

O' 

4 

O' 

pi 

aj 

CM 

U| 

O' 

f\J 

MJ 

O' 

CM 

UI 

3 


4 

P- 

C > 

< M 

UI 

TO 










4 

4 

rl 

4 

in 


CM 

C«l 

4 

m 



•"* 

IM 

' M 

Pi 

PI 

4 

4 

in 

UI 

UI 




»M 

--I 


CM 

<M 

IVJ 

('1 

PI 

Pi 

PI 

o 

l -' 

1 J 

'J 

‘ J 

3 

3 

3 

fj 

c J 


CM 

CM 

CM 

PI 

PI 

PI 

PI 

p> 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

UI 

n 

Ui 

I.i 

Ui 

Ui 

UI 

Ui 

ui 

UI 

ui 

UI 

Ui 


UJ >-•••• 

>— < a) ini 

<i j au uu cd to 

O till 


OTOMJ4PM3TOM3 

cor^r-r-r*r-«Oso 

i I i l l i i i 


•TMOO/'O'rtVJU 
M) mj mj ui ui in m in 

l l l I l l I l 


tn >o >r i\ c a) «o 

4 4 4 4 4 pi pi m 

I it 


IMUCD'O'T'MOCO 

mm pm fM pm <M pm »-i 

I I I I I I I I 


MJ 4 <M 3 CO -CJ 4 fM 

^ ^ ^ \ | | | 
till 


14 



TABLE I.- SUNRISE AND SUNSET TIMES - Continued 


r^lA'4’ 4 Ha5N'OOOCD«tf''C'J , 'tCMfi^OOOOC 

k f'j n m in (\i tn 4 in m 4 rg rg rxj g t i\i f\i roin m cj >»■ .-i m ^ 4-4- «g eg ,g -4 

i/10^4HO'N'l’(MO(?'N'C't^('J-HOO(J'0'(70'0'0»-«fM4'OcOf\jvOO'04onin^^vOcoOOOOO 

4 4" r r ArPrfArr>p'irgc\jr\;rg(\jrgi'gr\jrgegegege-»egrgrgrvirv4<\jfgpAm44in — 1 m in '\j eg 

• •l/)l7'(>!>(7‘0'0'OCr , 0'17'C'(7'a'0'(7'(7'Cra'0 s (7'^CT > (7'0'0'(r(>a'[J'a'a'C7'0'a'OOOOf-'M444‘44 

O 

•"* ujorgrrimro4'vOC7'^»cr'g3mgDCT'reicD4'C)'Orgor-4'>Or-^4ja'ir\r-4r-ip-C7'reiOr-<rnmaorgvOOGOOo 

i/liNjfMHiArvjg-iniriirire^g eg eg h 4 " eg eg •— ♦ in eg rg rg ig in 4 4 un 4 eg ig ei 4 oj 

0f c 0f-<4v£)0'Hreuif^l7',-i(\iginoe-CtjCDCJ'(7'J'C7'000[)h->C4f'J3'vC(gf^rg4inr0e-irirgOC-OCOC- 

Zf04444iAtnininifl ir\ m in ^ m m 


^'0'CT*0 1 'CT'(?*0'0 S CT'0'CT*0'0 S 0'®'CT I '0'CX' 


k _ ’ 7 . “ v " ” ~ ~ ~ w ^ y- ^ rv, ^ ^ m m r ^ N 0 g c q f 

'4444in«uninin inmin44n(\jr-»inrn 

'l»'f0^ff\fO(ri(n^(e444444444444g44g.^^^f n , nnWfnrf( ^ fV(V1( \ )H oQ OCO 


'rnrOreifOfOfOrOe^i 


'C0wa'O4HH4O©C7'rgM0inNMC0e^rvj0'C0r4MU4f^CM\ife. r-nnoi 
< in h ig nin Minf» 4 ^ 4 rgineiH 4 re ei r\i rg m 4 4" m 4- 4- 4- 

•inreo^MT(eHCMD>04mHO®Me4rOMO!7'CCh>Oin44(eiefrig^H. 

'444rO(ererrirerjigMrgejfg{gHf-»HMHw^ 

joocoocccmoccooooccoitroootcooocmcoKoocDocoDOOoocrfXjooaioDcomcocDfri 

)0'in00Mev0<0rnr*4c0tnrjig(MOlOJ'OC0in{Da''0O7' t nocDn4r3v04M 
jm 4444 (e(\^inmHtnro pa (\ 4 h rg 4 in ,.-* rg eg -g m -* <r - 

■iminr~ce*-«rome- go o egromr*-oco»--»rg> 4 *r\«or«-c 7 ' o •>-* eg pa 4-4- m in m 4 nm 

'44 g 4 in m m in in g e,. o>j g oj rj nj r\ .h 

■ 4 4 4 4 4 4 4 4 4 '-n in in tri in in m in in in line imn in m in tn ‘A in in ui in in in 1 


jm4444mrg, 


)NO'Op-n\jm-fsf 1 mning-N( 
4 r -4 r -t (M rg eg eg <\i <m eg eg eg r\» eg , 


®44004N4ro^)go'40(7'in(7'r4r f i'OCDr-im4rOH>ocrr v or w €grrirrini<igNr\ir'fgo'f\)u 
■esJ 4 re h in m n -4 m n in eg e-> -g r~« eg n 4 m min in eg eg 4 re, 4-^-4 


iinoinnocoinnHO'MnmQco-OinitHO'Mnn 

min4'T44n(’imnnjnjN(gnjHr4^Hw 


• 4 n 4 ig o co >n rg o <n n c> 4 t ig ig cr -o h 
in in m u\ tn 4 444 re ei rg ea ^ h 4 rg 4 


»cDcpa3a3occoooo3eoa3ooooooaooocoaoa)Qococca5cDooa3r^e-r*r-r-f^r-r^r**f*-r*-r^e~r-r-r^>OvOir\4 

_4 « e4 — t r-l - • ,-4 «-g ,-i e-« .-4 e-4 e > e-« —4 eg r-t e4 eg eg eg -g eg H r . e, ,-4 —I r-* -g -4 -4 ••4 i-4 ,g M e ! ,g e-i <M 


crmre, r ~^reiinmcrr-i *4corir-coa' cc>'O4-i0''O4<' r i'gg3egcoor-oi-'t-«4444moinCTmcom ■ 

el 4 e-f 4 r-iinir\ r Nimre, 44444444 mmmn>mrei 44 h 4 r 4 in 4 in rg ig 4 4 e-( 4 an re, 

irNco^jce»inaoo«>Jinr-(j'e4mir\r^(7'eHrnune-a'egmmr**0'e4mg3ooofomoDeHmc7'4a'ONoa v 

m m 4 4 4 4 m in in in ! r\ HHrJeir-«rg(g(\j(gNienmm44g4ininin ^rgen 


: m 00 gj in m ao u <g m s 

: m re, 4 4 4 4 in m in in ! n 


>4 444 4444444 | niriininininininirMnininninininininininininininmn>0'0'0'0'£)M^o 


"4C)'i;)'04'0OMnin-0a'(ginxH(erfug0'm40Ma)>00'04Mg i r\ooineiin>0ci(gN(nv0OC 

pa 4 -g pa pa eg 4 eg 4 ig >-Mn m rg 4 in m m pa in eiri 4 HinHin 44 Hininrgfg eg 


HinHin44Hininrgrg eg 


i/)0'gj4-4C^v04e4C7'r- 
Zei fnmmfgfgnjfg-4H 
3 

oocoacaDoocccufcaoeQoc 


0'e4igoMnm-ig^igHa'gn<-iG0:nn'00in.-ig(ggonin4r-ig(7'0'r4ou 

eJ *— l e-4 in n G1 in 4 4 4 4 n n m rg r\j ig ^-1 r— 1 in g m m pa i/a m 


eei eg m in m 


ucnauccajcocor^e-r^f'e-e-e-r^e-NNi — e-e~e-e“r~-e^o>OvOvO 0 04 ^ 4 ^ 

• — * 1 * ,- 4 e-4 e-l • — 4 — < _ | H <— 4 e-4 r— » ■ — I r- 4 r4 el f>4 «-l "4 r-4 H r-4 H r~t —i el H el ■ — I e-4 < — I e4 ^ (\| (\J 


lj g> a? r- -» ,-n 
i/i h in m ei >r 


i r- j eg r\i 
i m eg 4 


i a) ui g o' -o r 4 n a.' t 'n Mn ^ 


at 4 h 4 n O' rg 4 mt h 4 ^ cu o niu\ m.j rj 4 MT rg 4 M) m ^ 
Z 4 uMn in ui h h H H rg ig rg ig m n ,n rn 4 4 4 ui in m 


ei vr h m m m n >T 4 run m G1 pa m m rg rg -g rg 


, r- r- eg so g eg n- *n in 4 ri <• 1 


i/> 4 4 4 4 4 in in m in in in in 41 oim 


. .. - - - , . ~ - . « - . w > ^ vj n I — -i gj h a) ui ;n m .g g- ji (/ r* ^ 

rg ig rg ig -*i in ei ei rn 4 4 4 in n m m rJ rg ig ni 4 in eg 4 eg in 

nininmuur\ininininii'inin , nin'0'0gjO'0'0't;n-0>npr'h-iE' < n 


O' » C 4 o P 4 ^ oj u or in ij m 4 ei -o g ri 4 ei in o' 
1 — m e « 4 m n rg in rg ui h 4 ei p' in eg rvj pa 4 m pa —1 -g 


ni o g r i u* ei o' m pi O' e- ^ in r ; p s f g a> u nj ii» 4 od 1 m > j 1; 
h ig ri <r m Pi H 4 N eiin ei im *«g u) in in m rg h 


i/)U'r-4njo'i04.-iU''04Hy''OPiHmintgy'<uP’iO''0(\iooPur4iU(g'nr*h-omp^Nrg(jijuou 

Z r-4 e-> e-i r-4 ITl lA LTl IP 4 4 4 4 PA P> PA PJ eg r\| r-4 r-l e-4 lA IP 4 4 PA PJ e-4 tf> (A e-4 4 


(✓)ci3arajcocca.ajcDr“r-r w r-r-r^p-r-p“r-r-p-r*r“r , ^r*»r«r*-r^NOogjg3vogjgjgjinGnin4444444 
J» e.* e-l e-4 e-t e^ e-» e-4 el e-l e-l e-l r-4 e-1 e-l r-4 e-4 r-4 r-4 r-4 e4 e-4 rg e-4 e* e-l re* e-4 e-4 e-4 e-4 e-4 -4 e-l e~l e-l e-} e-4 r-4 (\i tg rg <V 4 g 


JO)0'PmNom4inpcMgpgpiinr-4gga)'nNai44aiG)4MHPuua\crMn(gajo' 
i 4 eg t eun r\i 'n «\ m r\i m ei in m m g eg m in pa w cv tn pa 4 eg pa 4 4 ua 4 in .-4 'V eg m 


< p u u n ir n in maj m u o u u u 


co e-4 <r -o m — 1 4 go ^ r-4 g- r- O' ig 4 r- w m gj . g in a; eg o t ; 4 4 4 • g (.■> -g g- •-* e-i mj t > ; fJ rj . j 

r g eg r-4 rg rg rg eg rg Pi p> r> ni -r <r 4 TA in m >n etHigrgnjPWgin g <g rn in h g- rg 

U' u' in in »a ui n m m unun n in lO g >o « >o g >0 lU g g p P* p*co a; in 'J U o 


4) UA UA «A u\ in m U' 


4 ggvr'gO'gpNggjinjjininr-Hinpgur-gooaiUMugrjPHj 
■ ua h m ui g n g ui r — 4 r—< * m m pw 4 pi g ig ig ui g pi 4 g g m r 


jo g o o u u u j a o o <j c» 


1/1 Mil (M VI I — gHiugpiigr*gupgijgi\j®)g'0'gujPigO'H 


— - *’ » ' ' "I 'M ‘V ' 'J M N »" • 1 «* i lO !{> >T ST r *\ l 1 > ' >J 1 -J r- iM aJ- MJ r-< ^ 

^ ^ J 

xxi^p^r^r-r-- r -r^r^r-.f--r-r-.p-r- r -p-r-r-gjgj<}gj£>gj'ijgj'0gjgji.P‘nuAnin-T4(A)e4N r 44 44-j 44 

^ ^ '•* w* ~ I e* »-« eg ,J e-4 eg r-4 rg 1-g e-l eg ,-l e l eg r-4 eg rg eg .g -g r-4 eg r-4 eg e-4 — 4 H g P g H H H ig l>J (M IVJ (g ig ig IN 

UJ UJ 

XxujrArifnn'ju'AoomoorAegrgGr'rgrg<_)vorgo«gr*-om(j'rgh-<_)Lr'r4Ar , *ooo'rneJr--p'c.>oocjooou: 

I/) in PI g u\ (T| H UA 4 P» PI Pi p|in g g -« eg PA f g rg 4 4 eg ua -r pa -g sr -j P»1 

uJQ:um 1 0(wgvrhO'(gina)ggnHga)i\igogo i go'ipgu''<jJunMjxOingggi)gui.)g/jou 

^^44 g g in uun 111 g h g rg ig rg Pi n g ^ 4 in in h g rg pi g m g ig g g j\ 

Uinmi;i l nininiiAinin>u>Oio>OiMj'00'ogg-ugggiUP>Pr'P-PMDjjcLio'u'ujGJw)uo(joij 


pi pi g cu tg pi 1 — <g g ti u u u. u u u u 

if a g IT) r* g- — < g rn 


•'lorggxntot.jrggioajuPiggQJvJiggoaioigg.ocDorgg'Oaiu'gg^cooigg^couigg-o v 
— J • HggggrgrvjwrgfMPiPimmfp 444 g4iAininininv0'0 'Ogt'On-P-p-p-P- ccaoGonou. 


15 


34 2 8 



TABLE I.- SUNRISE AND SUNSET TIMES - Continued 


OOOOOaOOOOOOOQOOOOOOOCOr\i>Or\»sO(M>Otn'Omr\JOfsJf<'iT-»m'tin(\)U'v 


Ui 

ooooocoooooooooooooooooooootTkinrgsfOh-NOr-coornNOOincr^oin^ 

Z in tn -t ^ N H H ^ 

z> 

O O cjcM<M<MCMPvjrMCMrg<NrM<MtMfMeMCMCMPvJfMfMrMf\|CMrg<\iCMfM<Mrg<\lcgrgcMrMrgcMCMCJCM<N<NPJfMrM 

o m 


UJOOC 3 CoooooooooooooooooooaocT'iAO'iria'in'Oirv'OC 7 '^-«c^oooooh->oc 7 '>o 


aiooaooooc 3 00 ooooooooooooooor-«»H>rrjsoa v OCT'oC'OpnO'Oogr-fMr'^u^ 

2 cm rvj^m cm cm m ->r in -g .h cm rg m cn 

Z5 

i/JOOOC'OOOOOOOOOOOOOOOOOOOOOO.-l-g.-' HtMtMfsjrsifsjfvjfflrnn^^^^m 


ooooooooooooooooooooocMC 3 C 7 'r^irv*-«r-tf^- 4 'f^irv>roo'< 7 'vOOO'»-«inO'TP^ 
►— ^ ^ m h in (Tim in (\i r\j m ^ h mio ^ m in h 

ui 

<^OOOOQOOOOOOOOOOOOC>GOOincMrnnOLnO'M''r-OcC.-ginO'cncorOOOrnC'vn 3 p--->J' 

2 in^»inf^«-4in>3’ro<\i^-*^inir\^-s»-rOfnf\irsjrsj^«^ 

• • rg<NrM<\ 4 iM<MeMiMe\jrgrgcNcgeMCMi'*™C'J<Mrgr\|CMr 4 CMrg'MCMCMfMCMCMCMrvj,g.-g*-g«-g.-i.-g.-i.-g.-g~«.”i 

O O 
O m 

>r ujouooooooooooooo <5 0 w>oq— ia'-*r\j*rooc 3 Qor*-' 4 -'Or-^-*< 

1/1 (TIIM 


t i\j r\i in 


I M ^ S j- 


a'OOOOOOOOcaooOOOOOOOOO'Or-iinfOCO.-immrMOajm.-gr-pricopncomr-^ino'rM 

Z ^cm-T HHrgrtrn'T'flAin h ^ N 

wiOOQUOQCOOOOOCOOOCOOOOrM(NJ(\l(MN'\l^(^f , '^( < U < 'f f iiti f l( fl ^'t'}'4''<'' ; l' 


• • 

o o 
O' o m 
-g m 


o 


oooooooooooaooooooocr— •CT'xroaoaocT' 0 'CDOcrrM-«rri- 4 -r')cor-oo— imr-ccr~ 

I— (fiN in i-( <M h h 

UJ 

i/»ooooooooooooooooc>oci>#‘ror-<^o''Ommocoo<' < >r fc “'^'^'0'f>oiri^r-'^a'«o<M 
2 pi r\i in -i n rg h h uiiA'T>r^( T >N(MHH 

ZD 

^v}-'j-t«f-rNr'f-f'txi-<rT't'r'r'r'r'f^MNHHHOooaoooc!'(7'(T'(7a'0'0'0'0'a'c , 'cra' 


Lu 3 (J C U 3 0 13 O i J O U U UJ U U O O U U fJ rH ff, fM r\J n U> iNJ CT' O CD CD 't PI O vO " 4 * PI >T‘ 

oo ncnn (t 

acoooooooooooc3 0 000000fomm'^coo^‘«-*ocr>oroo''0^o*-«'0^-*mo'fnr-^H'r 

2 m m M •T t/> h -j h r\j r\j ro ^ 

»oooooonnoooccjooooooOi-iH.jtMN'N(V( , nmi < 'i , i«in^«'^'i''t'f > J' ^ ^ 4 - 


o 

2 

CJ 


< 

ZD • • 

CJ o o 
lu u m 

M 


ooooooooooooooooo3oo'in4'0'r-«-«sO«o<'>r^nnuin'rLr''f(7'0<^oo-4-0' f Ni-J’ 0 J^o 

3 n cn (\i in -f »-im ^ m m •j- nj m inmiMinffM'iTin.-t'J'H 

UJ 

ooooooo(jocjooooc'OC 30 C'Ocof r imr , ^' 4 - <N^-trsjmtr\ao*-^mo''rcorciO''srOsOfNjcDtn'-'oo 

2 4- -fN in'fmNH in un in m- 

3 

j- sf sT vj- >r t xj- ^ ^ ■^'r'TT<fJ , 'r'fN<Nj.^-iHacjnouoa'CT'C 7 'cna'(nc 7 'a'j' 0 '(J' 0 'i» , 3 a)cc 


uJ < * m o o o -3 l' cj t.j 3 o u ( * •; > o i.) '..i n (\j >0 r* i\j ^ u in •-• <r <u >j *o 'O r^-M h m ni 4 cr r*- o' in 

00 m f>w «-» r«j m -r n w m <r n’, ^ h u\ hui n h in <m ^ 


us u u o u u o u u y u u o o u u u u o o <n «uj' m u\ m w ou m h h m a) m mm <o o >j m h in ai 

2 ui r\j m «-• f\i sf in h i\j m m -r ji ui nj ivj «i m >r ^ >r 

3 

^ o U O Q O U O L O tH) U (,. u a U C C rJ H ^ rg (SJ IN) m m cn n' rn T <r >r 'T T -t 'T T •j' 'f 'j' 


IN 

1 

u c> o o o (J cj o 3 <3 0 o -j o 3 in h r- — « cm 

2 H* UI <M r-« *-H r-J 

3 3 

3 Olw 3 O 3 GO 3 CJOOG 3 OG 3 ' 0 <Ma 0 C 7 'm 

2 2 rj in nj in 

3 

I— n-r^'r'r'r-T'r'T'rT'T'r'T^'rNHMHU 

< • • cm m cm rg cm cm eg i\i r\j cm cm im rg CM <M eg rg rg *"M rj 

3 <3 

2 3 C'l 

jh luouyt'couuuuuouuu'offl^oo' 

co <✓> *j ni in <r 

lu a o 3 3 3 t j o * j o «■ > <j 3 cj 3 3 3 o <4- co jo «n 

3 2 r-c >r cm ->r 

3 

2 1 /) 3 3 3 3 3 3 3 3 3 3 3 3 o CJ 3 '•* r -4 cm rvj m 

3 


3 r\jm'-**~ , M - inr“ «u o' m m n in u ^ H ci o' aj g xO nj m 

u\ n h g- in «r in >j- pi <r g- i\ nj m n\ m «g ui m — * 

trajMJU(J'H'TCDH4JOinU'UriM'HJ'll'HaJ'THCU 

n) (\j r-t inic'irmn , N<\jHJ m in g g >r m m 

uuouy'TU'O'O'^CMJ'U'a'crmajajQucuiLcucfjii' 
<M CM <\J CM 


h cr >o o r.i r* 4) g in ni cu j) ai >o h m o in N m mh o' cc 

(M m P'1 -J -M -g eg n N ri >r tl < M H «T H i'I If* 

r- O' O' O' r- u> <m o' u> gj -o * ■* tJi O' m r- «•■* n cu <M -n co 

ui h (V) cn «r uun h h i\ii\i m n nw 'T i/i if' m 

[\l (»1 I'l m m "1 m g T g nT'T'T-T'T'T'T'T J" '■TUI U\ 


2 • • j 3 u O o <j cj cj 3 3 3 v nt m CD >o cm ■— * -t •-> o ’.j 3 in >t r- cm u o r-# co -o m < > c*' pi o' 3 m >r gj o 3 r> 

- < j u u g- im h <• 'M m (\ ; -T >T ui g n w-i 'T n nw m h t h <r '\i ui p» cm 


3 II II >/) C.J 3 3 3 3 3 3 3C 3 3 3 m p' m p> 3 *-g in UU 3 O' IM M - CSJ r~* gj 3 U l 3 gj ,-< r- P l O' 111 * M UJ Ul — * (U Ul H O) U» 

UJ 2 g g* r g u 1 pi m -n -T pi m ivj , , .j> ui j ^ m n :m r\ ■ j — ; -g g n n 

3 H- P- -J 

i ii/) < g <■ c <r j - -4 <r -t q- < ' j h h u u cm: cm / 1 (MM?' o' O' o' m cu x a cc tu aj a: a; a’ cl co a; a; a: a.' r- r- 
3 3 *‘J t M ig ig ig tg ig rg *g i\| eg ig i'j ig i g «g cm ig i*--i r- «.r>-g r— ^ ■— ir~< .-g *-* ^ — 1 *-g h ^ ■«* ^-1 i-g *-* <•* 


3 3 

j_ X u c > 3 3 c- > o 3 o o 3 in p- gj rn in o' o r-- i g u\ u\ gj r- vi- O' m u\ o rn in 00 ^-g jo cc cm .-g gj r- '-n 3 in 3 

^g uo ig M -n ig M - g u\ ■>! pi ••+ •-* *g • * »g pc im im pi pi p' «-g >n pi im >t hi pi >r 

j —• 

u.1 ao c. c j ij cj i_> o c u o u u h i»i h i»ui in h cu w p* ui cm O' >n ^g gj ui o' ni r> -g >r x> iv m uu rg in eu 

iM 3 2 h in rg g- p) im rn g m -g .•» n\ m g g >n ui ; n .g h g ivj rg <M Cl (V pi g 

3 x 3 

u 1/) 'JO u u 1 1 u u u n u g g »h ig ig ni m m pi iij jn g g «r gr >r >r m - j- g g- g m u\ •(> in in in m ui m m ui ui 

CM LO 

g j 


3 t- • ♦ • 

3 <t ao 3 >r 

<x j ao cc <x 

3 ill 


(M f.i co o 'T rj g 
aj co r* n- p^ r- 

l 1 1 1 I 1 1 


a) o t im o aj so 

gj 3 o vO gj m m 

1 l l l l l I 


xTMutogg rg 
in o' 1/. g g g 

I I I 1 I I I 


0 cu gj %r cm 3 

>4 m o, pp, pn pc' 

1 1 1 1 1 1 


x 'O g rg o ^ >o 

(Mpmcmcmcm — * r-» 

1 I 1 I l I I 


g rg u a) >0 g im 

< — I w-4 r-g | I I I 

I I I 


16 


TABLE I.- SUNRISE AND SUNSET TIMES - Continued 


j • 

j 


HrKffunO'rj 4 -'Oin 4 , OfOin't^ioNr-iANaO'to®corrirtwH«oc(J'm(<i 4 -c^fn(rMr'c. ^oco 
>— 4- rC\ 3 . 4 iV i- H vf ro fO ^ (M fO Ov| rg M sT H 4 P'1 4 4- 4 M 4 tA -I ,-l H (t 'n 4 

LU 

i/>f-* 4 or^ 4 wcommocO' 04 <\J.- 40 'r-'Oin 4 mcNifM,~*,-i.-i<\irgmmr , -cr'rM'OrMO'cQO^ooininooC‘ 
Z in in in 4 «-4 4 pg (M 

3 

• • i/lD'C 7 'Cr'C 7 'OC 7 'CT'CtO s CT'C 7 'a'( 7 '( 7 ‘'C 7 'C 7 ' 0 '( 7 s C 7 , ‘( 7 'C 7 'CT'( 7 'C 7 v OC 7 ' 0 , 'C 7 ' 0 , 'CrO'< 7 'CnCT'Cy v O'f 7 'OOOf-* 4 P'l 444 

O rn 


*-4 aJOOccofNJCT'p-'Lr-ar-— «oDsor~ 0 ' 0 - 4 ->J'' 0 ' 7 'onr^r-iromcococT'Oir>^ 4 (Njcooor“<- 4 ^-corOsO^-iootJO 

in n h m >n in 4 fMinr- 4 mrorr>fM 34 r-«p~i 444 fM cm ro rg im m ^ g- im r-t m m m p> — • «-• m 

a;a'rooa'rr)uAcoHrAocoot\ig-nr^O'OrH!Njn>}’inininLnKigfnrv)or-gogcDcO'CC 7 'grgHcoc: 
Zm 444 mintn 3 ,~i.-i,-i*-<.-»csjrMrMCM<NfMtM<MCM<NPor 4 f\j<MrHrg.-» mg mHin^H 

3 

tnmmmmKut', mggggggggggggggggggggggggggggmm'nrfirMnjoooc 


o , 'a;'mio^ntr\foirir -4 0 fooooNOcr'rv 4 r-'rof > -' 4 ‘*-<i^'^i ,r >rri( 7 >^ooa 3 C 3 f k JOfv»fvjror^r-oorvjir\t\JOO 
i— 4 cm —1 h n g im 4 .-g 4 ^ m ro g^mm 4^4 m g in m min m nh ^ gni^i 

UJ 

i/)ONgHQjiniMC'vog^oO'Orf'-icDvog(-iO''CgN( 7 'hgnja''Cm-iNgo«i)niN^ggnjgg 
2 : —* min in g g g g m ^ m in, !\j nj f\) r\j h h h ^ inininingggmrnnifj^ in 


3 

i/)Crc 7 'crcraococcoDa'aoaoooccaocoooa 3 CDao<x)cra'>ccaoao(x:ccr'r^ 

• 1 — » r -4 — l ■ — 1 r -4 r-l ^ t — 4 r - 4 «3 «- I r— ♦ rH •— * •— 1 <3 rp '•* •-< < — * • J H ■ — * .-4 i — 4 < — I 


r-r-r-r-r-r-n-r- 




o o 
o cn 

4 - ujojmco-ooo-ojooQHt)minm<M(ngNHgNogjcDooNOinm.-<i>-H 7 'cna)ggr^mo''OJ i 
i/)(\t g in in g m ^ g (M m i'j in h g m m ri g mr» in rg grj^n-igH-HgininHrjgtn 


dOcnNnO'(MgNQmin®Of r i'na)yr'mh-QMinh( 7 '('j l nso^'^i 7 '(M'OogcninmiiMgnK ri 

ZiNrummmiggginuMn'n ,-*H--to j 'Mr>jr'ji\jr^(mfnmggg 4mm r-i cm cn 4 pi 

3 

yigggggggggg g g m m «i in in in m m m m in m in m in m m in mmin in o o -o i >o -o -o n* h cu o 


• • 

o o 

tj m 

pi 


i\tgNintMm®NooiMirmggggggN<Di'jmoNC 7 ' 0 ' 0 (M-* 4 »oncoin«omo'gg'OmfnoNC )0 
H-r4ingmmmmgm^(Mg m g m 4- rifngmmgmnnnH-i rg nj g m m h n 4 4m 
LU 

mcMnniji,omt>Ngnj 5 ''Og-<»'Omioaoinro o m o r- 4 O CP 4 O" m r- O' o r- cr P '1 cm rg o \> 

zmininggggmmmwniN(\i«»^HH mminingggmmwNWH m in g im 4 p> 

3 

i/inooffiQjaoajooxcocDcncooDooooincDCDiococor-r^n-Nr^NNi^n-r^r'Nn-NNO'OO'n'Oiritnmgg 

,4 H H ,.| r 4 H .4 ,-•( r 4 ^ ,4 -4 H -4 rl H r 4 -1 r 4 H >1 .4 H r 4 H H H rl H ~l ,-l -l H H ^ r 4 --I '\J TvJ 


uj C* r- O' ^ tn on m g <m g 
mm ;g mi m m m nj r-«m 

aN-igNom-oa'iNg 

zmgggininmm 

3 

i/)ggggggggmm 


fn%on^f'~f w r~n*'r ,> ~c7'rnc7 y co 
g fvi 4 " i\j 4 *N m (*' nj 

NCiminoH.'noo' -« 4 f- 

M^r4r4(M(\INMmmimi 

mm mmmmmmmmmm 


—4 cr> c.i *\i •-» cr> ' ? m co '■n vD 

nh g m a m 4 - r 

o<nocrnjg)OfO 0 DfMn- 
44 g 4 mm »-4 *-1 

m m in m m in o-o o m 


msi'nf'-MfifocOHg 03 
m g h m m u\ — 1 

mo'Mng)OM^4gou 

im nj m g in ^ i\ in m 

g) -n >o 4 t) n* s n ro o u 0 


'OHomiM 8 oma>inH(Mfl(M-ooo«)iMM' 0 'tg<Nfl»inoo»N<Oh'OmN*OptgNOOOo 
i-ingmN-4--if'jnjf\jmggin —« •-* in m h g r-* *-» m cm m -4 g nj im in g rj 1— t in 

i-j 

m4^-4comfNjj'somL0^-4— ♦co-o , nor , ~'4«— ir-4^^400<-in~fMi^.g4r^(7'CJ'r-mgjrvjcoo'Oi3 0o 

z g g mi rn muNH'j r\i rg .g h r 4 m in m g g g m m m im \ ^ h *n 4 m tv —* 4044 

3 

mooaDcccoc)corooocDa)aoc 3 cocucccor^f^r~r^f^r~-r-n-n-r-r-r^r-r-r- 0 'C-J-)> 0 'ONOmin 4 rr i 4444 

• • r 4 ^ 4 HHHHr-ll-lr-lr 4 Hi-lp 4 rlr 4 H*^rg*>-IHrlHl 4 r-l,« 4 ,- 4 r-l 1 -l^» 4 HH*- 4 r 4 r-lrHp-IHi-lHr 4 ,'\jnjM('| 

o o 
u m 

<-j u j n u i ’ 3 u rj m . 1 a) 'm gj 1 j m «u ig in h >■< m m m m n ma g « i'i <o -rvi g m g m d <* in o r— 'i* • * o u- > < 

i/iHriggininuiggmmiM*- 1 h ni iii (M in in .-1 4 4 m M g g h i\j 1-1 in in h 

cZi\imoo^-isrr-orrigja'<Mmaj*-i 4 r“LJmou'rsjmtro>s<jc_imu' 4 t-jm(vu''Jur-u'r>i ^4 4 Dr~oc>(.. o 

in m in HHri-tiMiMiMmmmggggininn riHHnjmwnggin h nun g g 

3 

wggginmmmminininmminmminmminmininvO'O'O'O'O'O'O'O o v o r- r- r~ r- co go cn o o o o 


n g g «o u m u no h ji a u t g »o m in 0 tn 3 ; aMM ,g im im 0 u o! h a) O' o cr> m t o o 3 3 *4 o o 

►— m 4 »\i r j «— 1 >-g ui g g i\j h ui n m g in in 4 m g g im m I'i m h m 1 - ^4 m g cm cm 

LU 

m g -l oculi i\ r? m o ^ m u n- o r* g u v U 1 ^ id g O m u m (j* fi uj u u O' >o u u m d ni :j u j ij u u 
z w ,M ^ ^ r i mmA 4 g 4 (nmmNnir 4 rir 4 *n 4 4 p'i <m cm m 4 pi *- J 4 


majcucuauajcococx.'aun~r^r^P“r-r^r~-r~r'r~r-r-r'r-f^r^sONL»gj'U 4 Jujgjmmu\u'\ 44 m 444444 

• • H H rl M r 4 H H H r 4 H r 4 r 4 rl r 4 rl H r 4 H H rl r 4 r 4 -I rl H H H H ^4 H 1*1 r 4 ,-l rl H rl -l r 4 rl N (\l M !\J M ;^l 

O 3 
O PI 

r-i uj 4 r- r- in ,-h gj .-i in o u p' n> r- m ao >o «h cm m n i 4 cp o cp m *-* P' o pi 4 4 cm >m m m r-i <.» 3 c 0 3' o 

in ri nj mi g in in .-1 »-« pj ro 4 in <-« <11 4 nj nj g wu j g crn 4 i\i in m g in g im 4 m 


a t\i m io .4 4 1^ ri g r> o m o 'M d cn m ^ u 4 o ni 4J h u ri Mm u ® o o n ? u >0 \i '"o 4 o uj o >.) o 

Z h r< n r\| i\ i\j mi m mi g 44 4 in in in ,-i h ri im rg m mi g g in h im mi in m m nj r»i 

3 

i/l m ii' ui mi m m inm m m 41 m m n ai in 4 ) 4 ) <o 4 ) sJ 41 4 j -u 4 J 4 M) 4 J I — r— r- r- r- r- jo ju cu lt 1 j 3 3 > * o l » 1 j 


• • . i tn n- _n hji * Mn g ri .g n- g ^3^4 m CT' 4 p- 4 14 m m r-i > m i\j r~ cii o og u o o u > j r.* u o o o 

U U h I-I Ul g m "4 4 ISJ PI <M PI 4 4 m PI 4 PI r-* (M r 4 rl H rl IM (N| r-UM H IM U\ 

11 it 1/1 ig uu ui im m mj ig in 4 j r\t m in .4 r»- mi in ui u ui u n m f' >u y> h im eg -4 uj ni ui im i\j mi u <j <1 u u o u u u u 

■£. m 4 4 4 m «l P) I IM 1-4 •-* Ul 4 4 • \! (' * r -4 Ul 4 PI ■'I 4 ’ J ‘fl 

m— i— 3 

j_xi/iP-r^r“r-.r^r-r~r'-r~r-r'>r“r-r'*r-' 3 ' 4 jgjgjg:ogjNU' 0 'U' 0 inminuiui 44 P>(p. 4444 4 44444 

OO r-t — I —I —I ,-1 r-l —4 r-« r -4 r-l r-< r -4 r--» r -4 —♦ r -4 r-» r -4 »-« r\ H »-l ■-* r-l H rl H rl rl r 4 r 4 H (M I'm INJ I'J f\l '4 OJ I'g IM l\ 


lU LU 

XXLU 0 1 M 4 UJ 04 >P 1 
•■n ^-4 < m "i u i isj 

intxmnirigpfMg 

uj 3 4 4 in m in 

x 3 

3 m m m m. >*«. x> gj j» 
m 


40 Ur- 30 ' 4 h- 0 , '0 
4 "'l H 4 P> »M *M 4 


r-*H 4 a..imu'pir- 
H f-i h im nt i\l mi mi 


gjxgjxgj O >o 4 Jil 


( >i n- f\i p- g r~ cn m co 

pi -gp| m 4 ui pi mm 

n h >y ■ * pmi o Mil 

4 4 in in ri m ii mi 

gygjgjgjr-p-r^r-r~r- 


ug-ooigmimcrH 
U> 4 UI 4 m 4 CM 

4 4 m ao ri pj 4 m pi 

4 m «~« pi —* 4 PI 

M^cumajcuo'U'u 


3 t J 1.1 C.l 3 3 3 LJ O 

O 3 O i ) «.J 3 CJ 3 3 

3 3 J 3 3 3 0 3 3 3 


■C 3 pg 4 gjroocM 4 m-ooiu 4 >oco 3 nj 4 mai 3 fM 4 -ococ>cM 4 'Ocooni 4 >L>coo-NiggjaD 3 tM 4 voao 
x l ^ririHHnKMiMiMiMmmmimmgggg^inininmin'O'O^'O'OPPPPMOOoajcii® 


17 


39 11 14 58 



TABLE I.- SUNRISE AND SUNSET TIMES - Continued 
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TABLE I.- SUNRISE AMD SUNSET TIMES - Continued 
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TABLE I.- SUNRISE AMD SUNSET TIMES - Continued 
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TABLE I.- SUNRISE AND SUNSET TIMES - Continued 
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TABLE I.- SUNRISE AND SUNSET TIMES - Concluded 
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TABLE II.- SOLAR DECLINATION AND EQUATION OF TIME (1960-1964) 
















Figure 4 .- Cartesian coordinate graphs of local sunrise and sunset times, October 15 , 1962. 





Figure 5.- Cartesian coordinate graphs of local sunrise and sunset times, November 1 , 1962 








Cartesian coordinate graphs of local sunrise and sunset times, November 15, 1962. 
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Figure 8.- Cartesian coordinate graphs of local sunrise and sunset times, December 15, 1962 














Figure 12.- Cartesian coordinate graphs of local sunrise and sunset times, February 15, 1963- 
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Figure 17 -- Cartesian coordinate graphs of local sunrise and sunset times. May 1 , 1963 


















Figure 20.- Cartesian coordinate graphs of local sunrise and sunset times, June 15, 19^3 
































Figure 26 .- Cartesian coordinate graphs of local sunrise and sunset times, September 15 , 1963 - 
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Figure 30 .- Cartesian coordinate graphs of local sunrise and sunset times, November 15, 1963- 










Figure 32.- Cartesian coordinate graphs of local sunrise and sunset times, December 15. 1963 
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Figure 35 •- Cartesian coordinate graphs of local sunrise and sunset times, February 1, 1964 








Figure 36 - Cartesian coordinate graphs of local sunrise and sunset times, February 15 , 1964 . 
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Figure 44- Cartesian coordinate graphs of local sunrise and sunset times, June 15, 1964 
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Figure 48 .- Sunrise-sunset lines, height - 100 km, north polar region. 
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Figure 51-- Sunrise-sunset lines, height = 400 km, north polar region. 
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Figure 52*- Sunrise-sunset lines , height = 1000 km^ north polar projection. 
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Figure 53*- Sunrise-sunset lines, height = 0 km, south polar projection 
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Figure 55 •- Sunrise-sunset lines, height = 200 km, south polar region. 
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Figure 56 .- Sunrise-sunset lines, height 300 l™ 1 ; south polar projection. 
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Figure 57 *~ Sunrise-sunset lines , height - ^-00 km, south polar region. 
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